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Uterine Implantation ofthe Mammalian Ovum
The study of implantation has received increasing attention recently as a result of the search for new methods of controlling fertility. Laboratory rodents are used extensively in such investigations but the mechanism of implantation in these species is still poorly understood. This short review describes some of the information contributed by recent morphological studies of implantation by electron microscopy.
In rodents the decidual reaction plays a very prominent role in implantation. Soon after the developing ovum reaches the uterus, uterine vascular permeability increases in its vicinity, resulting in local cedema and swelling. The uterine stromal cells divide and increase in size to form decidual cells which synthesize glycogen and lipid. Under the electron microscope this reaction appears even more complex than under the light microscope (Finn & Lawn 1967) . As the developing decidual cells hypertrophy they extend processes which form numerous contacts with those of other cells. The site of these contacts is at first unspecialized, or shows a slight thickening of the adjacent plasma membranes, but as the decidual reaction proceeds the membranes fuse to form tight junctions. The tight junctions then become more extensive, a knob-like process from one cell being enclosed in a cup-shaped recess of the surface of another (Fig 1) .
There are many hypotheses concerning the functions of the decidual response. The presence of the knob-and-cup junctions, which so obviously suggest mechanical strength, supports those authors who believe that the decidual tissue is a physical barrier to over-efficient invasion of the mother by the foetal cells. The presence of tight junctions, however, throws a new light on this tissue. They have been associated with high permeability between the cytoplasm of neighbouring cells: they seem to be characteristic of highly organized tissues and to be absent, for example, from disorganized tumour tissues. That decidual cells are linked in this way indicates that they have changed from uterine stromal cells, which individually respond to their environment, to a collectively responding complex of decidual cells, forming a decidual organ. An organ of this kind may well prove to have an important biochemical function.
The electron microscope also reveals details of the intimate relationships between foetal and maternal cells during implantation (Potts 1966 , Enders & Schlafke 1967 . These relationships undergo a rapid sequence of changes during early pregnancy. On entering the uterine lumen, the developing ovum is coated with microvilli, and the epithelium lining the lumen is similarly coated. In the first stage of implantation these two sets of microvilli interlock to form a rather weak attachment. At about this time the uterine lumen collapses and the developing ovum, now a blastocyst, is thus tightly enclosed so that its whole surface is in intimate contact with the uterine wall. The microvilli shorten and disappear so that the surface of contact is now smooth or slightly irregular, sometimes with knob-like processes interlocking the two epithelial layers. Potts reported the presence of desmosomes between foetal and maternal surfaces at this time, in the mouse, but only a simple contact was observed by Finn & Lawn in this species and by Enders & Schlafke in the rat. There are no tight junctions between feetal and uterine cells.
During the next stage the uterine epithelium in the vicinity of the blastocyst is lost. Ultrastruc- tural studies confirm that intact epithelium is not destroyed by the blastocyst. The epithelium is shed when the decidual response is evoked by stimuli other than the blastocyst such as the injection of oil (Finn & Keen 1962) . The epithelial cells are engulfed by some of the trophoblast cells covering the blastocyst, but in most instances the engulfed cells are already shed and degenerate. Rarely, cells are displaced from their basement membrane by the trophoblast; they are probably already loosened as part of the stereotyped uterine decidual response induced by the blastocyst.
After the epithelium is shed the trophoblast is confined for a period by the basement membrane that now lines the implantation chamber, but in the next stage (Fig 2) the blastocyst makes intimate contact with decidual cells. Again there are no tight junctions or well-differentiated desmosomes between trophoblast and uterine cells, although there are specialized junctions between neighbouring decidual cells.
These observations indicate that during the early stages of implantation the blastocyst in the mouse and rat is not actively destructive, but rather that the changing pattern of relationships between blastocyst and uterus is the result of a mutual interaction between them in which the uterus appears to be the more active. The nature of the stimulus from the blastocyst which initiates these uterine changes is not known.
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The Culture of Pre-implantation Mammalian Embryos Mammalian eggs and embryos can now be cultured through various stages of their development before implantation. Oocytes in the dictyate stage, containing a nucleated germinal vesicle, can be brought through their final maturation in vitro, merely by releasing the oocyte from its follicle and placing it in culture medium. A wide range of culture media can be used for culturing the oocytes. Fertilization of eggs in vitro still presents problems, for spermatozoa have first to be 'capacitated'. Spermatozoa are, therefore, usually taken from the uterus of a mated female, but recent work on hamsters has indicated that capacitation in that species might be achieved by using secretions from the female tract, notably follicular fluid. Several of the substrates required for the intermediary metabolism of oocytes and cleaving eggs in vitro have been identified. Mouse oocytes can metabolize only pyruvate and oxalacetate, and the addition of these substrates to culture media supports the maturation of oocytes without attendant corona cells. The corona cells can metabolize other substrates, and convert them for use by the oocyte. These specialized requirements are continued after fertilization, but they are modified as cleavage progresses. Lactate and glucose, for example, can be utilized by 8celled mouse embryos. Rabbit embryos have similar changes in metabolism during cleavage, and have been shown to require a specific uterine protein during expansion of the blastocyst.
The underlying genetic systems controlling some of these alterations in metabolism have been demonstrated by in vitro studies. The synthesis of RNA in the oocyte during maturation is virtually nil. After fertilization, the synthesis of RNA and protein is very low until the 8-16-cell stage, when it rises sharply. This rise coincides with the appearance of new metabolic pathways already described, and the initial expression of genetic traits.
The increased control over embryonic developments in vitro has led to many experiments on the pre-implantation embryo. For example, the membranes of mouse embryos can be digested off, two or more of the embryos fused together, and the fused embryos transferred into a recipient female for further development. Chimeric feetuses, including hermaphrodites, can thus be obtained. Studies on the potentiality of isolated blastomeres for further development has shown that one blastomere of a 4-celled mouse or rabbit embryo can give rise to a whole embryo. The production and development of non-diploid embryos has been achieved by fertilizing rabbit eggs in a medium containing colchicine, when 97 % of the embryos were triploid. In studies on cytodifferentiation, cell colonies were grown from cleaving eggs and blastocysts, and many cell types differentiated as they grew on flat surfaces as outgrowths from the embryonic areas.
Several studies have potential significance for medicine. The analysis of meiotic chromosomes in oocytes, or of mitotic chromosomes in cleaving embryos, is revealing the origin of mongolism and other genetic disorders, and helping to explain why older women are infertile. With advancing maternal age in mice, chiasma frequency in oocytes declines and the incidence of univalents rises. These are the conditions known to lead to chromosomally unbalanced embryos in lower animals and plants. Similar studies are needed on human oocytes. Delayed fertilization
